he modern era of treating psychotic disorders began in 1952 with the discovery that the compound chlorpromazine possessed antipsychotic properties and produced symptomatic improvement in patients with schizophrenia. Initially, chlorpromazine was termed a neuroleptic drug (derived from the Greek neuron and lepsis, meaning to "take hold of the nervous system") to describe its effects of psychomotor immobilization. The implication was that the therapeutic antipsychotic properties and adverse motor effects were inextricably linked. Thus, chlorpromazine and the numerous antipsychotic compounds that followed were initially considered to belong to a class of neuroleptic drugs in which therapeutic effects were inseparable from the extrapyramidal side effects (EPSs) they produced.
side effects contribute to treatment nonadherence, which, in turn, leads to relapse and rehospitalization. Efforts to minimize EPSs have revealed that lowering the dose decreases side effects, but risks decreased efficacy and relapse. 4 In addition, the traditional antipsychotics do not alleviate all of the symptoms and disability caused by schizophrenia; at least 50% of patients have persisting or residual symptoms and disability despite treatment, 5 and at least 20% of patients relapse despite taking adequate doses of medication. 6, 7 A substantial proportion of patients continue to be severely disabled and relapse frequently, due to either treatment nonadherence or ineffective treatment. [8] [9] [10] The hospitalizations and rehospitalizations that result from relapse produce substantial human suffering and significant financial costs to mental health systems. [11] [12] [13] [14] [15] [16] Thus, despite substantial data from controlled trials that support the efficacy of conventional antipsychotic medications for the positive symptoms of schizophrenia, the effectiveness of these agents in everyday practice is substantially less than their efficacy as determined in carefully controlled clinical trials. Although many factors may be involved, we do not know all the causes of this efficacy-effectiveness gap. 17 We do know, however, that the scientific and clinical promises of antipsychotic therapy have not been fully realized, and patients with schizophrenia remain vulnerable to a downward spiral of hospitalization, noncompliance, relapse, rehospitalization, and persistent disability.
Atypical antipsychotic drugs
The advent of the second generation of antipsychotic drugs has changed the risk/benefit profile of these medications. Clozapine was the prototype of the second generation of antipsychotics, and it has shifted the emphasis of drug development toward the search for drugs that have the same beneficial effects, without the risk of agranulocytosis caused by clozapine and without the EPSs that accompany treatment with the first-generation antipsychotics. Some of the newer medications, like olanzapine and quetiapine, are structurally similar to clozapine, while others, such as risperidone and ziprasidone, have a different structure, but share some of its key pharmacological features. It is widely accepted that the actions of typical antipsychotics involve their ability to block the dopamine D 2 receptors in the limbic system and striatum. It is thought that the blockade of receptors in the limbic system is the basis for the antipsychotic action; the reduction in the activity of the striatum contributes to the EPSs (and possibly the development of TD); and the D 2 blockade of the hypothalamic-pituitary axis leads to hyperprolactinemia. The new drugs differ pharmacologically from conventional antipsychotics principally in their lower affinity for the D 2 receptor and relatively greater affinities for other neuroreceptors, including those for serotonin (5-HT 1A , 5-HT 2A , 5-HT 2C , 5-HT 3 , 5-HT 6 , and 5-HT 7 ) and norepinephrine (α 1 and α 2 subtypes), and in their ability to modulate glutamate receptor-mediated functions and behaviors. 18 A pharmacological property that has been emphasized as critical for conferring atypical activity is the ratio between D 2 and 5-HT 2A receptor antagonism; a low ratio is characteristic of the new agents. 19 In addition, they appear to exhibit some degree of regional anatomic specificity, altering neurochemical activity in the limbic and frontal cortical regions, while having very little effect on the corpus striatum. 20 A variety of characteristics in addition to neuroreceptor affinities, including effects in animal models, potentially greater efficacy in treating negative, cognitive, and mood symptoms, and lower propensity to cause EPSs, have been used to identify and define the new antipsychotics. 18, 21 In this article, "atypical antipsychotic" refers to clozapine, olanzapine, quetiapine, risperidone, and ziprasidone. Amisulpride has also been proposed as an atypical antipsychotic. However, because of its more traditional mechanism of action, we have not included it in this discussion. However, this does not negate the possibility that it may warrant inclusion as a second generation of atypical antipsychotic. Sertindole is not included because it is no longer available for clinical use. Because clozapine is the prototype and has unique risks and benefits, the others will be referred to as "newer" atypical antipsychotics. Conventional antipsychotic drugs-typified by low-potency chlorpromazine, intermediatepotency perphenazine, and high-potency haloperidolare those introduced before 1990.
Comparison of conventional and atypical antipsychotic drugs
Various claims have been made with regard to the superiority in efficacy and safety of the atypical antipsychotics relative to the conventional drugs. This has precipitated an important debate that is now underway C l i n i c a l r e s e a r c h Although a variety of claims of efficacy and safety of atypical antipsychotics compared with conventional agents have been made, the evidence is highly variable and in many cases inadequate. Some questions can be answered from the available literature and data from studies presented at scientific meetings, but many more cannot. There is now strong evidence that atypical antipsychotics are efficacious in schizophrenia, and that they are associated with a lower risk of EPSs than conventional antipsychotic drugs. 22 However, a comprehensive understanding of the nature and extent of any clinical advantages of the atypical antipsychotics over their conventional counterparts is not available. The advantages of the atypical antipsychotics regarding EPSs and TD may be offset by disadvantages in terms of other side effects. For example, it appears that the atypical antipsychotics as a class produce substantial weight gain to a greater degree than conventional antipsychotics. Clinical trials of the efficacy and safety of the atypical antipsychotics show weight gain in as many as 50% to 80% of study subjects. 23 Although these reports indicate that weight gain is an effect shared by the atypical antipsychotics, the individual drugs may vary in the magnitude of this effect. Clozapine and olanzapine have been associated with the most dramatic weight gain, while ziprasidone may produce the least weight gain of the atypical antipsychotics examined for this effect thus far. 24 The physiological mechanism of weight gain is unknown. Also unknown are consequences of the weight effects. These could range in severity from mild cosmetic changes to significant disfigurement to increased rates of cardiovascular disease, diabetes, and mortality. Atypical antipsychotic drugs have also been associated with alterations in glucose metabolism and with elevations of blood cholesterol and lipids. [24] [25] [26] Two recently published case series described 10 patients on atypical antipsychotics who either developed diabetes or had a significant exacerbation of existing disease. 25, 26 Looking at both reports combined, weight gain occurred in 60% of subjects prior to the development of diabetes. The relationships between the atypical antipsychotic effects on weight gain and the effects on glucose, cholesterol, and lipids are not known. Also not known are the longterm medical consequences of all these effects. It is quite possible that the nutritional and metabolic effects of the atypical antipsychotics could pose safety problems that are as onerous to patients treated with them as TD was to patients treated with conventional antipsychotics. Two meta-analyses of studies of atypical antipsychotics have recently received widespread attention. The first, by Leucht and colleagues, examined the safety and efficacy of olanzapine, quetiapine, and risperidone, from randomized controlled trials. 22 (Sertindole was also examined, but is not mentioned further here because it is no longer available due to alleged cardiac toxicity.) This meta-analysis evaluated the change in overall psychopathology to measure global efficacy, the change in negative symptoms, the use of antiparkinsonian medications as a measure of side effects, dropouts due to treatment failure, and dropouts due to adverse events. All the atypical antipsychotics and haloperidol were superior to placebo regarding global efficacy, with olanzapine and risperidone "very modestly" superior to haloperidol. Regarding negative symptoms, all the atypical antipsychotics and haloperidol were superior to placebo.The analyses showed olanzapine and risperidone as superior to haloperidol, and quetiapine as inferior to haloperidol in treating negative symptoms. However, when sub-and supratherapeutic doses were examined, quetiapine was just as effective as haloperidol in treating negative symptoms. All the newer atypical antipsychotics were better than haloperidol regarding the use of antiparkinsonian medications and were similar to each other. Risperidone was closer to haloperidol than the other newer atypical antipsychotics regarding the use of antiparkinsonian drugs. Geddes and colleagues examined 52 randomized controlled trials that compared atypical antipsychotics (including amisulpride and sertindole) with conventional antipsychotics or with other atypical antipsychotics. 21 Examined outcomes included symptom scores, dropout rates, and scores on measures of side effects. Overall, they found that atypical antipsychotics were slightly more effective and better tolerated than conventional antipsychotics.Thus, the conclusions of both major meta-analyses were consistent with regard to effectiveness and tolerability. However, Geddes and colleagues also noted that the advantage of atypical antipsychotics increased as the dose of the conventional comparator increased.They conducted additional analyses using only doses of conventional antipsychotics that did not exceed recommendations (haloperidol 12 mg daily or equivalent) and no longer found differences in dropout rates between the atypical and conventional antipsychotics. On the other hand, even when excessive doses of conventional antipsychotics were excluded from analyses, fewer EPSs occurred with atypical antipsychotics. Nevertheless, on the basis of the finding that many of the perceived benefits were due to excessive doses of the conventional comparator drugs, Geddes and colleagues found that the atypical antipsychotics have no clear advantage in terms of either efficacy or tolerability. They concluded that the atypical antipsychotics' apparent advantage in terms of EPSs was not enough to improve their overall tolerability or to warrant recommending them as first-line treatments.
To summarize the existing evidence, it is reasonably clear that atypical antipsychotics are at least as effective as the conventional antipsychotics in reducing positive symptoms in patients with schizophrenia. Claims that they are superior in reducing positive symptoms have not yet been proven. 21, 22 Olanzapine and risperidone appear to be slightly more effective than conventional antipsychotics in reducing negative symptoms, but it is not clear whether this is due to a direct therapeutic effect or to less frequent EPSs or other secondary causes of negative symptoms. 21 Long-term trials of the effectiveness of atypical antipsychotics in reducing negative symptoms are needed. 7 Existing studies have found that atypical antipsychotics cause fewer EPSs than their conventional counterparts, especially when the conventional comparator is haloperidol. In spite of marketing claims, studies of effects on cognitive function are wholly inconclusive, as are studies of the effects on mood symptoms. The effects of these drugs on long-term outcome, relapse prevention, social and vocational functioning, suicide prevention, quality of life, and family and caregiver burden have just begun to be explored.
Although first introduced only in the mid-1990s, risperidone, olanzapine, and quetiapine now account for more than half the new antipsychotic prescriptions in the USA and Canada. The rates of usage vary in Europe, Asia, and South America from as low as 5% to as much as 40%. Patients who had inadequate therapeutic responses to conventional antipsychotics or who suffered problematic side effects were the first to be switched to the atypical antipsychotics. Now, however, many newly diagnosed or first-episode patients are initially prescribed these newer agents with the hope (not yet backed by evidence) of giving them every early advantage. 27 Worldwide, many patients with schizophrenia continue treatment with the conventional antipsychotics. Because there are no long-acting atypical preparations yet available, conventional antipsychotics in a long-acting injectable form retain an important role for patients who cannot adhere to oral regimens. (At the beginning of 2001, a long-acting version of risperidone was in phase 2 trials.) Atypical antipsychotic medications are several times more expensive than conventional antipsychotics in the USA, averaging $5000 or more per patient per year. Thus, these medications have substantial potential for influencing the use of scarce resources. While their high cost may discourage their use, they have the potential to generate substantial savings in health and non-health care resources if they are more cost-effective than other available treatments. Even if atypical antipsychotic drugs do not decrease the overall costs of care, their use may be warranted if their benefits are judged to be substantial enough to justify the increased expenditure. The clinical and public policy decision to supplant conventional with atypical antipsychotic treatment requires empirical evidence. This is important because the spending of large sums of money on treatments that are less cost-effective than available alternatives may result in needless waste of scarce resources and deprive some patients of clinical benefits to which they would otherwise have access. The evidence to support the superior effectiveness of atypical antipsychotics over conventional antipsychotics is currently limited and predominantly based on shortterm efficacy studies. Existing evidence does not adequately address long-term effectiveness and cost issues. The studies to date, which were for the most part sponsored by pharmaceutical companies and designed to achieve regulatory approval based on evidence of efficacy and safety, are largely short term (6-8 weeks), involve initially hospitalized patients, and focus mainly on the core psychopathology of schizophrenia and wellknown side effects (eg, EPSs). These studies do not definitively demonstrate the "real world" effects of the newer atypical antipsychotics, nor do they adequately examine the broad range of side effects that may occur. At the same time, however, these studies provide evidence of greater safety for these medications, at least in terms of rates of EPSs and TD, and the possibility of superior therapeutic benefits in psychopathologic and functional domains that have not, as yet, been adequately or fully evaluated.
Conclusion
Existing evidence suggests some, albeit inconsistent, advantages in efficacy and tolerability for the newer atypical antipsychotics over the conventional antipsychotics for patients with schizophrenia. However, the limited types of assessment measures used and the short study durations do not provide adequate information about treatment for this highly variable and chronic condition. Moreover, the patient samples involved in these studies and the conditions imposed by the restrictions of the protocols limit the generalizability of the results. Additional information, from studies not sponsored by pharmaceutical companies, is needed to inform clinicians and policy makers about appropriate role of atypical antipsychotics. Several studies are currently ongoing or in preparation to examine the comparative effectiveness of atypical antipsychotics. The one with which we are most familiar is the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) project, a major research initiative in the USA by the National Institute of Mental Health, which will assess the effectiveness of the second-generation antipsychotics in a broad range of patients with schizophrenia and in patients with Alzheimer's disease. The CATIE trial in schizophrenia combines elements of efficacy and effectiveness trials. Medications will be randomly assigned on a double-blind basis. Follow-up will be up to 2 years. The primary outcome will be allcause treatment discontinuation, and this will be validated by measures of symptoms, side effects, quality of life, and costs. The study will examine strategies for what to do when a patient fails an initial trial of an atypical antipsychotic drug. For example, should a second newer atypical antipsychotic be prescribed or is clozapine the best choice? In addition, the trial seeks to avoid some of the problems that have been criticized in earlier trials. Instead of high-potency haloperidol, medium-potency perphenazine is the conventional comparator. The dose of the conventional comparator will not be excessive. Cost-effectiveness and cost-benefit analyses will be conducted to help identify the value of any advantages that atypical antipsychotics may have over conventional antipsychotics or over each other. Ultimately, the CATIE trial in schizophrenia seeks to provide crucial information regarding the role of atypical antipsychotic medications for patients with schizophrenia. In addition to the CATIE Project, the Medical Networks in Medicine (MEDNET) is examining the comparative effectiveness of different drug groups in their indicated disorders in Germany (W. Gaebel 
